NAMRL-1133 


USAARL 

Serial  No.  71-20 


EFFECTS  OF  ALCOHOL  INGESTION  ON  TRACKING  PERFORMANCE 
DURING  ANGULAR  ACCELERATION 

William  E.  Collins,  Richard  D.  Gilson,  David  J.  Schroeder,  and  Fred  E.  Guedry,  Jr. 


U .  S.  ARMY  AEROMEDICAL  RESEARCH  LABORATORY 
NAVAL  AEROSPACE  MEDICAL  RESEARCH  LABORATORY 

May  1971 

Approved  for  public  release;  distribution  unlimited. 

W  06  11  170 


Approved  for  public  release;  distribution  unlimited. 


EFFECTS  OF  ALCOHOL  INGESTION  ON  TRACKING  PERFORMANCE 


William  E.  Collins,  Richard  D.  Gilson,  David  J.  Schroeder,  and  Fred  E.  Guedry,  Jr. 


Bureau  of  Medicine  and  Surgery 
MF  12.524. 004-500 1BX5G 

U.  S.  Army  Aeromedical  Research  Laboratory 


Approved  by 


Released  by 


Ashton  Graybiel,  M.D. 
Assistant  for  Scientific  Programs 


Captain  N.  W.  Allebach,  MC,  USN 
Officer  in  Charge 


18  May  1971 

NAVAL  AEROSPACE  MEDICAL  RESEARCH  LABORATORY 
NAVAL  AEROSPACE  MEDICAL  INSTITUTE 
NAVAL  AEROSPACE  MEDICAL  CENTER 
PENSACOLA,  FLORIDA  32512 
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THE  PROBLEM 

Most  studies  of  the  effects  of  alcohol  on  human  performance  have  dealt  with 
static  (absence  of  motion)  situations.  However,  the  addition  of  whole-body  motion, 
involved  in  such  activities  as  piloting  an  aircraft,  might  well  cause  impairments  not 
usually  produced  in  static  situations.  The  present  study  examined  some  of  the  effects 
of  alcohol  ingestion  in  visual  tracking  performance  (eye-hand  coordination)  during 
angular  acceleration.  After  practice  and  baseline  tests  of  tracking  performance  in 
both  static  (stationary)  and  dynamic  (whole-body  angular  acceleration)  conditions,  ten 
subjects  received  orange  juice  that  contained  2.0  ml  of  100-proof  vodka  per  kilogram 
of  body  weight;  another  ten  drank  orange  juice  with  a  few  drops  of  rum  extract  added. 
Tests,  conducted  1,  2,  4,  8,  and  10  hours  after  drinking,  were  in  total  darkness  ex¬ 
cept  for  the  visual  display,  which  was  illuminated  to  a  level  recommended  for  cockpit 
instruments . 

FiNDINGS 

Static  tracking  errors  for  alcohol  subjects  were  significantly  higher  than  those  of 
control  subjects  only  at  the  4-hour  session.  However,  alcohol  subjects  made  signifi¬ 
cantly  more  dynamic  tracking  errors  than  controls  during  1-,  2-,  and  4-hour  sessions. 
These  data  suggest  that  eye-hand  coordination  may  show  little  or  no  impairment  follow¬ 
ing  alcohol  ingestion  in  a  static  situation,  yet  may  be  seriously  degraded  during  motion. 
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INTRODUCTION 


Schroeder  (7,8)  has  shown  that  the  ingestion  of  alcohol  depresses  both  nystagmus 
and  "vertigo"  sensations  during  rotatory  or  caloric  vestibular  stimulation  when  subjects 
are  in  darkness,  but  In  illumination  similarly  provoked  nystagmus  is  considerably 
stronger  than  it  is  normally.  This  poses  some  obvious  questions  regarding  the  ability 
of  men  to  perform  visual  tasks  requiring  fixation  during  vestibular  stimulation  after 
drinking  alcohol  •  Most  studies  of  the  effects  of  alcohol  on  human  performance  have 
involved  static  situations;  i  .e.,  situations  in  which  the  men  were  not  subjected  to 
motion.  It  is  conceivable  that  the  addition  of  motion,  which  is  Involved  in  a  variety 
of  activities,  such  as  piloting  an  aircraft  or  driving  an  automobile,  might  produce 
deleterious  effects  on  performance  not  usually  obtained  in  static  situations.  Therefore, 
the  present  study  was  designed  to  examine  some  of  the  effects  of  alcohol  ingestion  on 
visual  tracking  performance  during  angular  accelerations. 

PROCEDURE 


SUBJECTS 

Twenty  male  college  students,  paid  volunteers  ranging  in  age  from  21  to  30 
years,  served  as  subjects.  None  had  previous  laboratory  experience  involving  vestibu¬ 
lar  stimulation.  Each  subject  was  assigned  at  random  to  one  of  two  equal  groups:  a 
control  and  an  alcohol  group. 

APPARATUS 

Angular  acceleration  was  supplied  by  a  Stille-Werner  RS-3  rotator  fitted  with  a 
small  cockpit  (see  Figure  1)  in  which  the  subject  was  enclosed  and  seated  upright  with 
his  horizontal  semicircular  canals  approximately  in  the  plane  of  rotation.  A  fitted 
headrest  helped  to  maintain  the  desired  position.  A  triangular  waveform  input  from  a 
Wavetek  model -155  waveform  generator  was  used  as  a  command  signal  for  the  rotator. 
The  velocity  of  the  'otter  was  proportional  to  the  input  voltage,  and  a  peak  angular 
velocity  of  120  deg/sec  was  attained  in  both  the  clockwise  and  counterclockwise  direc¬ 
tions.  The  waveform  period  was  48  seconds. 

A  compensatory  visual  tracking  task  provided  both  a  direct  practical  measure  of 
performance  and  an  indirect  measure  of  acuity.  The  tracking  apparatus  has  been  des¬ 
cribed  in  detail  elsewhere  (3).  Briefly,  a  14-second  sinusoidal  "forcing  function"  in¬ 
put  deflected  the  vertical  needle  of  an  aircraft  localizer/glide-slope  indicator  while 
the  subject  attempted  to  maintain  the  needle  in  the  null  position  by  manipulation  of  a 
control  stick.  Deviations  of  the  needle  from  this  position  were  considered  errors,  and 
a  voltage  proportional  to  these  deviations  was  electronically  integrated  over  consecu¬ 
tive  1 -second  Intervals  throughout  a  trial . 

The  display  was  illuminated  by  a  3V  -  DC-bulb  mounted  in  a  tube  in  front  of  the 
subject,  but  below  his  line  of  sight  (see  Figure  2).  Light  was  projected  through  the 
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Rotation  device  with  visual  display  attached. 


tube  to  localize  on  the  display  and  to  minimize  reflection  in  the  otherwise  darkened 
room.  The  luminance  of  the  display  was  measured  with  the  aid  of  a  card  sprayed  with 
the  same  white  paint  as  the  display  needle.  This  card  was  placed  in  the  light,  just  in 
front  of  the  display,  and  measurements  were  made  with  a  MacBeth  illuminometer  from 
the  subject's  viewing  position.  The  voltage  across  the  bulb  was  adjusted  until  the 
luminance  was  1  ft~L,  a  level  recommended  for  aircraft  instruments  (5). 

RECORDING 

Silver  disk  electrodes  taped  to  the  outer  canthi  of  the  eyes  and  a  reference  elec¬ 
trode  on  the  forehead  were  used  to  record  eye  movements  by  the  corneoretinal  potential 
method  with  a  3-second  preamplification  time  constant.  Calibration  of  horizontal  eye 
movements  was  accomplished  with  two  small,  alternately  flashing  lights,  horizontally 
separated  to  subtend  a  visual  angle  of  15  degrees.  Integrated  tracking  error,  eye  move¬ 
ments,  and  rotational  velocity  were  simultaneously  displayed  on  an  Offher  type-T  elec¬ 
troencephalograph  . 

ALCOHOL  INGESTION 

Subjects  in  the  alcohol  group  consumed  a  mixture  of  100-proof  vodka  and  orange 
juice.  The  mixture  (900  ml)  contained  2  ml  of  vodka  per  kilogram  of  body  weight. 
Control  subjects  received  only  orange  juice  with  a  few  drops  of  rum  extract  added  to 
alter  the  odor  and  taste  of  the  beverage .  (They  were  led  to  believe  that  they  were 
drinking  alcohol .)  All  subjects  consumed  their  drinks  within  a  30-minute  period. 

METHOD 

Prior  to  being  tested,  each  subject  was  given  5  minutes  of  tracking  practice 
with  the  cockpit  stationary.  The  experimental  sequence  which  followed  comprised  six 
testing  sessions:  a  pre-drinking  session  and  five  sessions  at  1,  2,  4,  8,  and  10  hours 
after  drinking.  All  sessions,  practice  and  experimental,  were  conducted  with  the  room 
in  total  darkness  except  for  the  visual  display.  Immediately  before  each  testing  session, 
venous  blood  samples  of  from  3  cc  to  5  cc  were  drawn  for  analysis  of  blood  alcohol 
levels  by  gas  chromatography.  Tests  of  positional  alcohol  nystagmus  (PAN)  were  also 
performed;  these  are  described  in  Appendix  A. 

Each  session  consisted  of  a  2-minute  "static"  tracking  trial  with  the  cockpit 
stationary  and  a  4-minute  "dynamic"  tracking  trial  with  the  cockpit  rotating  through 
five  complete  cycles  (240  seconds).  The  order  of  these  trials  was  alternated  across 
subjects,  and  at  least  a  1-minute  interval  was  allowed  between  t  '  'Is.  Eye-movement 
calibrations  were  obtained  prior  to  each  period  of  dynamic  tracking. 

SCORING 

The  tracking  errors  for  1 -second  intervals  were  summed,  and  an  average  value 
was  obtained  for  each  static  and  dynamic  trial . 


4 


Measures  of  nystagmus  included  the  number  of  nystagmic  beats  and  the  amount 
of  slow  phase  eye  displacement  during  each  dynamic  tracking  trial;  one  sampling  inter¬ 
val  was  32  to  37  seconds  from  the  start,  one  was  131  to  136  seconds  from  the  start,  and 
the  other  was  10  to  15  seconds  from  the  end  of  each  trial  (i.e.,  three  differently  placed 
5-second  intervals).  The  sampling  intervals  were  chosen  to  include  maximum  nystag¬ 
mus  output  in  a  single  direction  near  the  beginning,  middle,  and  end  of  each  test  peri¬ 
od.  Mean  values  in  degrees  per  second  or  beats  per  second  were  calculated  and  used 
to  represent  nystagmus  output . 


RESULTS 

The  following  mean  values  of  ethanol  were  obtained  for  the  pre-drinking,  1-, 

2-,  4-,  8-,  and  10-hour  samples,  respectively,  from  the  alcohol  group:  0  per  cent, 
0.074  per  cent,  0.073  per  cent,  0.047  per  cent,  0.001  per  cent,  and  0  per  cent.  Con¬ 
trol  group  subjects  yielded  no  evidence  of  ethanol  in  their  blood  samples  (see  Appendix 

B). 


Means  and  standard  deviations  for  tracking  error  and  for  the  slow  phase  and  fre¬ 
quency  measures  of  nystagmus  for  both  static  and  dynamic  conditions  appear  in  Table  I 
(individual  scores  are  in  Appendices  C  through  F).  Changes  in  performance  across 
sessions  are  shown  in  Figure  3  where  they  are  presented  as  percentages  of  increase  or 
decrease  in  tracking  error  based  on  the  pre-drinking  level .  Representative  tracings 
of  nystagmus  during  dynamic  tracking  are  depicted  in  Figure  4,  and  plots  of  the  nystag¬ 
mic  measures  across  sessions  are  in  Figure  5. 

CONTROL  GROUP 

The  control  group  evidenced  only  a  slight  decline  in  static  tracking  error  (an 
expected  improvement  with  practice)  from  the  pre-drinking  through  the  10-hour  ses¬ 
sions,  None  of  the  changes  was  statistically  significant  (Table  II).  However,  dynamic 
tracking  error  evidenced  a  fairly  steady  decline  from  the  pre-drinking  through  the  10- 
hour  testing  sessions;  all  1-  to  10-hour  error  scores  for  the  control  group  were  signifi¬ 
cantly  (p  <  .05  and  <  .01)  below  the  pre-drinking  scores  (Table  II).  Frequency  meas¬ 
ures  of  nystagmus  for  control  subjects  showed  no  significant  change  (see  Table  II)  across 
the  six  sessions;  although,  in  all  but  the  last  session  slow  phase  velocity  was  signifi¬ 
cantly  below  (p  <  .05  and  <.01)  the  pre-test  level  of  slow  phase  activity. 

ALCOHOL  GROUP 

In  contrast  to  control  subjects,  both  the  average  static  and  dynamic  tracking 
errors  increased  for  the  alcohol  group  at  the  1-,  2-,  and  4-hour  testing  sessions;  how¬ 
ever,  only  the  increase  for  the  1-hour  static  session  (p  <  .05)  and  for  the  1-  and  2- 
hour  dynamic  sessions  (p  <  .01  and  <  .05,  respectively)  were  significantly  above  the 
respective  pre-drinking  values  (Table  II).  Measures  of  nystagmus  for  alcohol  subjects 
also  presented  a  totally  different  picture  from  that  of  the  control  group.  Both  the 
degrees  per  second  and  the  beats  per  second  measures  increased  significantly  (p  <  .05 
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Table  I 


■g 

o 


u 

4) 

0) 

3, 

i/> 

3 

E 

o> 

o 

4- 

Z 

«rt 

o 


i 

_0 


c  u 

i  s 

S.  3 
T  6 

S’ 


E  2 

OJ  « 

g>z 

?  O 

I.  0) 

3 


C 

o 

VI 

S 

v> 

X 

VI 

c 

o 

t 

t 

a 

■E 

o 

■g 

o 

to 

■g 

o 

s 

s 

5 


u 

3 

O 

T 

o 


b 

3 

o 

T 

00 


3 

o 

T 


3 

o 

X 

I 

|<N 


I 


■g 

a 


Q. 

3 

e 

o 


0) 

u 

3 


CO  CO 

0  10 

C«J 

O' 

00  »D 

2;s 

■N-  CO 

X  00 

IN.  10 

UO  lo 

00  0 

X  X 

00 

d 

d 

d 

sf  d 

CO  •— 

—  d 

X  CO 

0  X 

'O  ID 

c^  X 

O'  to 

Cs  X 

X  CO 

•“  X 

00  CO 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

><*•  0 

0 

— 

<M 

—  0 

X  CN 

—  O' 

00  CM 

00  00 

cy  00 

0  CN 

X  St 

0  IS 

10  uo 

00  »C) 

X  c«l 

0  00 

St  O' 

•  • 

•  • 

•  * 

•  • 

•  • 

•  • 

•  • 

0 

0 

ID  -- 

'O  0 

CO  <N 

—  0 

>0  St 

CN 

IS.  uo 

sts 

og  0 

10  CO 

00 

^  00 

X  40 

ID  00 

sO  0 

^  sO 

0 

uo  0 

id  — 

'd  — 

CO  — 

—  d 

O'  ■N' 

^  08 

5I8 

X  m 

O'  — 

ID  00 

0  »© 

CO  — 

ID 

ID  0 

10  U2 

•  • 

•  • 

•  • 

•  • 

•  » 

f  • 

•  ■ 

IT)  0 

ID  0 

uo  — 

X  0 

CO  X 

f—  ^ 

X  ID 

CO  — 

CO  «© 

O'  '•0 

X  n 

0 

ID  0 

tSj  00 

Os  ^ 

■N*  00 

■N-  0^ 

00  — 

id  •- 

<> 

id  — 

id  — 

d  CN 

—  d 

CO  CO 

c 

c 

c 

c 

c 

c 

c 

0 

0 

0 

D 

0 

0 

0 

Me 

SD 

Me 

SD 

Me 

SD 

Me 

SD 

Me 

SD 

Me 

SD 

Me 

SD 

u 

u 

u 

u 

u 

u 

E 

u 

E 

E 

E 

1 

0 

D 

0 

o 

0 

■te 

c 

■fc 

C 

c 

c 

c 

X 

X 

X 

X 

X 

10 

0 

to 

0 

0 

0 

0 

1 

1 

”0 

-C 

"o 

.r 

e 

"0 

c 

c 

8 

0 

u 

c 

c 

8 

d 

6 

< 

< 

6 

a 

< 

« 

U 

c 

o 


•m 

•€ 

« 

a. 


O) 

C  4. 

2  e 

u  ^ 

gu. 


O) 

C  u 

ly  e 

gui 


VI  4) 

i  J 

s»  £ 
ti  » 
7  -2 

Z  u) 


&• 

§ 


4) 

13 

£ 

i 

to 


^  *11,,^  .  Mean  1.53  3.70  3.31  2.51  1.29  1.19 

Frequency  Alcohol  Dynamic  ^  ^  ^  gp  ^  g  gg  g  72 


8 


_ 

in 

— 1 _ 1 _ 1 _ 

o 

1  1 

m 

o 

_ 1 _ 1 _ 

in 

ro 

ro 

(vi 

csi 

OaS/SiV38) 

SnWOViSAN 

dO 

A3N3n03Ud 

9 


Results  of  t-Tests  between  Pre-Drinking  and  Post-Drinking  Measure  of  Slow  Phase  Displacement  and  Frequency  of  Nystagmus 
Resulting  Iram  Angular  Acceleration,  and  of  Trucking  Error  under  Static  and  Dynamic  Conditions 


p  <  .001 


to  <  .001)  from  the  pre-tests  through  the  1-,  2-,  aixl  4-hour  tests.  At  the  8-  and  10- 
hour  tests,  nystagmus  was  below  the  pre-drinking  levels,  but  not  significantly  (see 
Table  II). 

COMPARISON  OF  THE  CONTROL  AND  ALCOHOL  GROUPS 

In  comparing  the  two  groups,  t-tests  were  conducted  on  "change"  (or  difference) 
scores;  i  .e.,  the  differences  in  scores  between  the  pre-drinking  and  the  1-hour  sessions, 
the  pre-drinking  and  the  2-hour  sessions,  et  cetera  (see  Table  III). 

Static  tracking  differences  between  the  control  and  alcohol  groups  were  signifi¬ 
cant  (p  <  .05)  only  for  the  4-hour  session.  However,  in  the  dynamic  condition,  dif¬ 
ferences  between  the  two  groups  were  significant  (p  <  .01  and  <  .001)  at  the  1-,  2-, 
and  4-hour  sessions;  thus,  with  the  addition  of  motion,  the  alcohol  group  performed 
with  significantly  more  errors  than  the  control  group  during  the  first  4  hours  after 
drinking  (Table  III). 

With  respect  to  nystagmus,  the  control  group  had  significantly  less  slow  phase 
velocity  (p  <  .001)  and  frequency  of  nystagmus  (p  <  .01  and  <  .001)  than  did  the  alco¬ 
hol  group  for  the  1-,  2-,  and  4-hour  sessions,  and  significantly  less  slow  phase  nystag¬ 
mus  (p  <  .05)  for  the  8-hour  session.  Thus,  the  alcohol  subjects  were  less  able  than 
control  subjects  to  suppress  their  eye  movements  by  fixation  on  the  visual  display  during 
angular  acceleration. 


Table  III 

Results  of  t-Tests  G^mparing  Alcohol  Subjects  with  Qjntrol  Subjects  on  Measures  of 

Nystagmus  and  Tracking  Error ^ 


Nystagmus 

Comparisons: 

Alcohol  vs. 

Control  Group 

Measure 

1  -Hour 

2 -Hour 

4-Hour 

8 -Hour 

10-Hour 

Slow  Phase 
Frequency 

Tracking 

Error 

8.24*** 

5.44*** 

7.55*** 

4.82*** 

4.37*** 

3.56** 

2.20* 

0.00 

1.03 

-0.56 

Stotic 

Dynamic 

1.70 

4.25*** 

1.06 

4.14*** 

2.13* 

3.31** 

0.12 

0.74 

0.38 

1.72 

^  Comparisons  were  mode  between  difference  scores  for  each  session  (i.e.,  the  dif¬ 
ference  in  scores  of  each  post’^lrinking  session  from  those  of  the  pre-drinking  session). 
*p<.05  **p<.01  ***p<.001 
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DISCUSSiON 


Although  alcohol  effected  on  increase  in  tracking  errors  during  static  performance 
tests,  the  increase  was  significantly  above  pre-drinking  levels  only  during  the  1-hour 
session.  Moreover,  differences  between  the  alcohol  and  control  groups  in  static  track¬ 
ing  error  were  significant  only  during  the  4-hour  session  when  the  effects  of  alcohol 
were  beginning  to  wane. 

During  vestibular  stimulation,  however,  the  eye-hand  coordination  required  by 
the  tracking  task  showed  marked  impairment  by  alcohol  for  the  1-  and  2-hour  sessions 
in  comparison  with  the  alcohol  group's  pre-drinking  performance  and  for  the  1-,  2-, 
and  4-hour  sessions  in  comparison  with  the  steady  improvement  demonstrated  by  the 
control  group.  The  extent  of  this  impairment  appears  to  be  directly  correlated  with 
the  increased  nystagmic  activity  from  angular  accelerations  following  alcohol  ingestion. 
Thus,  degradation  of  eye-hand  coordination  during  stimulation  of  the  semicircular  canals 
appears  to  be  closely  related  to  the  a  I  coho  I -induced  loss  of  the  ability  to  maintain  ade¬ 
quate  visual  fixation  on  an  object  and  thereby  to  inhibit  nystagmus,  resulting  in  loss  of 
visual  acuity.  A  similar  degradation  of  visual  acuity  and  tracking  performance  without 
alcohol  has  been  reported  previously  (3,4).  However,  the  magnitude  of  vestibular 
st-muli  for  commensurate  losses  was  necessarily  greater  in  those  studies  since,  without 
.ohol,  the  visual  fixation  mechanism  suppressing  nystagmus  was  functioning  normally. 

These  data  have  several  practical  implications.  Activities  that  show  little  or  no 
Impairment  following  alcohol  ingestion  in  static  situations  may  be  seriously  degraded 
during  motion.  Further,  the  task  required  of  the  subjects  here  was  a  relatively  simple 
one;  i  .e.,  the  subject  could  concentrate  on  the  single  stimulus  display.  However,  in 
many  work  activities,  such  as  piloting  an  aircraft,  the  attention  of  the  pilot  has  to 
shift  from  one  stimulus  "display"  to  another.  It  has  been  shown  thot  deleterious  effects 
of  alcohol  on  performance  in  static  situations  are  greatest  when  time-sharing  of  atten¬ 
tion  across  several  tasks  is  required  (1)  or  if  the  task  requires  "divided  attention"  (6). 

The  addition  of  motion  to  a  complex  time-sharing  task  where  performance  is  already 
degraded  by  alcohol  might  be  especially  hazardous. 

As  a  final  point,  it  should  be  noted  that  the  average  blood-alcohol  levels  ob¬ 
tained  in  this  study  were  considerably  below  the  levels  legally  defined  as  intoxication 
by  most  state  motor-vehicle  statutes.  (The  District  of  Columbia  and  23  state  laws  cite 
a  blood  alcohol  level  of  0. 15  per  cent  or  more  as  a  presumptive  legal  index;  21  states 
use  0. 10  per  cent.  Utah  uses  0.06  per  cent  as  presumptive,  and  several  other  states 
ere  considering  reducing  their  current  levels  to  0.08  per  cent.  Rve  states  have  no 
defined  levels  (2)).  Only  three  subjects  exceeded  0.09  per  cent  during  any  of  the 
blood -sampling  periods. 
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APPENDIX  A 

Pcsitional  Alcohol  Nystagmus 

To  prcvide  possibly  useful  supplementary  information/  tests  of  positional  alcohol 
nystagmus  were  performed  before  each  testing  session  and  immediately  after  the  blood 
samples  were  drawn.  The  subject  assumed  a  supine  position  and  was  instructed  to  posi¬ 
tion  his  head  upright,  to  the  left,  upright,  to  the  right,  and  upright  again,  while  in 
total  darkness  with  his  eyes  open.  Each  position  was  held  for  45  seconds  while  the  sub¬ 
ject  performed  a  mental  arithmetic  task.  Nystagmic  responses  were  recorded  on  an 
Offher  type-TC  electroencephalograf^,  and  calibration  was  accomplished  prior  to  each 
positional  series  by  instructing  the  subject  to  sweep  his  eyes  between  special  ceiling 
markers  subtending  20  degrees  of  visual  angle. 

Ratings  of  positional  nystagmus  showed  fairly  consistent  results.  PAN  I  responses 
were  rated  as  strong  and  as  about  equally  vigorous  during  the  1-hour  and  2-hour  post¬ 
drinking  sessions;  a  reduction  in  output  of  about  two-thirds  occurred  in  the  4-hour  ses¬ 
sion.  All  but  one  subject  showed  typical  PAN  I  responses;  the  exception  (subject  BR) 
gave  only  weak  occasional  nystagmus.  PAN  II  responses  were  obtained  from  eight  sub¬ 
jects  during  the  8-hour  session  and  were  rated  as  being  slightly  more  vigorous  than  the 
4-hour  PAN  I  nystagmus.  Only  five  subjects  yielded  PAN  II  responses  during  the  10- 
hour  session . 
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APPENDIX  B 

Blood  Alcohol  Levels  in  Per  Cent  Determined  by  Gas  Chromoto 
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Following  practice,  two  groups  of  10  subjects  each  were  given  pre-  (baseline)  tests  of  tracking 
performance  in  both  static  (stationary)  and  dynamic  (whole  body  angular  acceleration)  conditions. 
One  group  then  received  orange  juice  which  contained  2.0  ml  of  lOO-proof  vodka  per  kg  of  sub” 
ject  weight;  the  other  group  drank  orange  juice  with  a  few  drops  of  rum  extract  added.  All  sub¬ 
jects  were  led  to  believe  that  they  were  receiving  alcohol.  Additional  tests  were  conducted  1,  2, 
4,  8,  and  10  hours  after  drinking.  All  tests  were  in  total  darkness  with  the  exception  of  the  visual 
display  which  was  illuminated  to  a  level  recommended  for  cockpit  instruments.  Static  tracking 
error  declined  slightly  for  the  control  group,  but  increased  over  the  pre-drinking  level  during  the 
I“,  2-,  and  4-hour  tests  for  the  alcohol  group;  only  the  1-hour  scores  differed  significantly  from 
the  pre-scores  for  the  alcohol  group.  In  comparing  the  two  groups,  static  tracking  errors  for  alco¬ 
hol  subjects  were  significantly  higher  than  those  of  control  subjects  only  at  the  4-hour  session  when 
the  effects  of  alcohol  were  beginning  to  wane.  However,  in  the  dynamic  tests,  alcohol  subjects 
made  significantly  more  tracking  errors  than  control  subjects  during  the  1-,  2-,  and  4-hour  sessions 
These  data  suggest  that  eye-hand  coordination  moy  show  little  or  no  impairment  following  alcohol 
ingestion  in  static  situations,  yet  may  be  seriously  degraded  during  motion. 
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